ate the contaminants. The first way is a real decontamination process resulting in the removal from the biosphere of significant quantities of radionuclides. Indeed, during the last years the total activity of short-life-isotopes was decreased by a factor of some thousand and actually, in the Chernobyl area, the main contaminants ( 137 Cs and 90 Sr) are decreasing according to their halflife. The two other ways of self-restoration are closely connected with radionuclides solubility and migration (vertical or/and horizontal) in soils and are studied in this work. Moreover, it was evaluated how the DER of ã-radiation changes with the migration of radionuclides deep in different types of soil. This paper illustrates the experience gained in the field of natural-restoration of radiopolluted ecosystems and the consequent reduction of external radiation, which can have an important impact on human health. This study was developed through the participation of our Laboratory in the Experimental Project Nr. 4 of the International Scientific Collaboration on the Consequences of the Chernobyl Accident, financed by the European Commission.
METHODS
The natural behaviour of 137 Cs and 90 Sr in typical soils of contaminated regions in Ukraine and Belarus was studied for 8 or 10 consequent years since the accident. Based on the concept that selfrestoration of natural ecosystems is any removal of radionuclides from the active geochemical cycle of the affected areas due to the active migration and/or durable fixation into the soils, we considered three main lines of study. The first one was based on the evaluation of the intensity of radionuclides migration (vertical and horizontal). A study of redistribution of radionuclides in different soil types was conducted in Ukraine and Belarus. An important soil ablation may be occurring in sloping landscapes thus, they can be considered as a good topographical model, which may soon give indications of the long-term behaviour of radionuclides. Therefore, we studied the efficiency of self-restoration on four sloping sites with different incline, soil types, vegetation characteristics, density of contamination and form of radionuclides. The second investigation line was based on the dynamics of distribution of 90 Sr and 137 Cs and their forms of occurrence in different types of soils and the concurrent changes of phytomass contamination. The third line of our study was to evaluate how the DER of ã-radiation changes with the migration of radionuclides in the soil. Therefore, one of the main aims of this study was to relate the modification of DER according to the 137 Cs penetration into the soil, as a result of the natural restoration of the affected territories. A brief description of the methodology, in connection with the main steps of the above three lines, follows.
Vertical migration of radionuclides
Vertical migration of 137 Cs and 90 Sr was studied in soil profiles from non disturbed lands. The soilsamples were taken as below: Ten samples of 1 cm, up to 10 cm depth and one sample per 5 cm from 10 to 70-100 cm depth. 137 Cs and 90 Sr content of the samples was assayed in laboratory by gamma spectrometry and radiochemical analysis respectively (Arapis et al., 1997; Sadolko et al., 1995) .
Migration of 137 Cs on slopes
The study of natural migration of radionuclides in sloping soils from the exclusion 30-km zone of Chernobyl (Ukraine) began systematically in September 1993. Soils from four "new" sampling areas were analysed and measured. These areas differ in slope declivity, in distance from Chernobyl NPP, in density and forms of deposition and in some bio-geochemical characteristics. In the present study previous data obtained in 1986-1993 from some "older" slopes were also used (Arapis et al., 1996) . Self-restoration was expressed by the Intensity (I) and Efficiency (E) of the process of 137 Cs migration, which were calculated by the simple equations:
(1) (2) where: A is the measured radioactivity, A 0 is the initial activity of radionuclides, and A T is the activity at the time of sampling. The processes of physical decay of 137 Cs were also taken into account. 
Measurements of EDR and of 137 Cs soil contamination in-situ
To verify the homogeneity of the surface soil contamination at the selected experimental areas, we used the Collimated Radiometer (CORAD) device (Chesnokov et al., 1997) . This device measures in-situ the 137 Cs deposition and evaluates its penetration depth in the soil.
In brief, the "CORAD" device consists of a measuring head and a control unit. The measuring head is a collimated scintillated detector (NaI(Tl) crystal sized 50 x 50 mm) and a photomultiplier placed in a leaded shield. The control unit of "CORAD" is a portable 256-channel analyser with a preamplifier, a unit of high-voltage and of lowvoltage supply, a battery, a spectrometric amplifier with programmed amplification, a 256-channel digital converter and a microprocessor (type 80C31). This portable version of "CORAD" weighs about 15 kg (the thickness of the lead shield of ã-ray detector is 30 mm) and carries out 150 measurements per day. The threshold of the device determination is 20 kBq m -2 and the measurement accuracy 20%. The exposition time of measurement did not exceed 10 minutes for 137 Cs contamination exceeding the device threshold. The measuring head of the device was placed at a height of 80 cm over the ground surface and measured gamma radiation from the area of two square meters. Except from the gamma-radiation measurement in each measuring point, we obtained also: 1) the quantity of 137 Cs deposition on soils, 2) the thickness of the soil layer containing more than 80% of the total deposition; and 3) the thickness of the clean soil layer covering the above content of radiopollution. In soddy-gley soil, the migration rates for both radionuclides did not seem to differ and were found to be approximately 1 cm year -1 . Finally, the migration characteristics of radionuclides in the peat-marsh soil of the lowland type varied. The speed of 137 Cs transfer in improved peat bogs was approximately 0.4 cm year -1 and in non-improved ones about 0.9 cm year -1 . The migration rate of 90 Sr was found to be 0.52 and 1.54 cm year -1 for the improved and non improved peat-marsh soils respectively.
Migration of 137 Cs on slopes
During the 9 years that followed the accident, the efficiency of self-decontamination (eq. 1) for the studied areas ranged from 7. Kopachy, Chernobyl-30 km zone) to about 20% (for the site of Novoselki, Chernobyl-30 km zone), or from 1% to 2.5-3% per year. In all cases, a tendency of redistribution of 137 Cs on the slopes was observed. In 1994, the maximum activity had the tendency to be concentrated in the middle part of the slope. A typical example of the above described behaviour of 137 Cs from the experimental sloping site of Savichi (Chernobyl-30 km zone) is presented in Table 3 .
Occurrence form of radionuclides
The distribution of the occurring forms of radionuclides in the soil profile from the 30-km zone of Chernobyl is presented in Table 4 Table 6 . These values show that about ten years after the accident, the reduction of the dose rate due to the vertical migration of 137 Cs, compared to the initial period when 100% of 137 Cs was distributed on soil surface, ranged between 3.5% in the soils where the migration speed was low (< 0.25 cm y -1 ), and were less contaminated (185 kBq m -2 ) and 37% in the soils where the migration speed was high (> 1.2 cm y -1 ), and were very contaminated (7.4×10 3 kBq m -2 ). Furthermore, when the physical decay of 137 Cs is taken into account, the range of the reduction becomes 17.5% and 45% respectively. To validate the theoretical computations, a comparison between measured in-situ and calculated DER was carried out. A good correlation was found between measured and calculated DER (Arapis et al., 1999) .
CONCLUSIONS AND DISCUSSION
Related to the vertical migration and distribution of radionuclides into the soil profiles, the study showed that the main part (up to 90%) of radionuclides is located in the upper 10 cm layer. The rate of vertical migration essentially depends on the type of soil and the composition of the natural ecosystem. The rate of penetration of the 137 Cs-reserve is found to be within 0.1 and 0.15 cm per year for grass-podzol sandy and sandy loam soils covered by pine forests and 0.7 cm (or more) per year for grass-gley and peat-bog soils. For the sloping areas, the intensity of self-restoration depends on the type of soils, the characteristics of the cover-vegetation and the inclination of the slopes. For soils of the same type, the factor of acceleration of self-restoration is estimated to range from 1.5 to 3, when the slope incline increases from 8-10 o to 30-40 o respectively. However, in future, the intensity and efficacy of self-restoration will decrease, due to the increasing long-term fixation of radionuclides by different soil components. Moreover, the damages of the surface soil layer, caused by erosion processes or removal of vegetation, will become of great importance. Since the accident more than 57% of 137 Cs was converted in fixed forms and for the next years it is expected that this percentage will rise to 80%. Finally, the data obtained regarding the external dose of gamma-irradiation show that about ten years after the accident in the studied territory, a significant reduction of DER occurs in natural conditions and it ranged -in comparison with 1986 when 100% of 137 Cs was distributed on soil surface -between 17.5% in the less contaminated soils with low 137 Cs migration velocity and 45% in the most contaminated soils with high 137 Cs migration velocity. Since it is a fact that DER is reduced with time, these calculations must be performed in all studies, as they are essential for the determination of the future radioecological status of the affected areas and their impact to the human health.
